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This  docuaent  describe*  Uv*  prcpcU  1  on  syxtea  for  tfc*  )*oS*l 
733*390  airplane  using  the  V/S-pounds-per-seco nd  General  Electric  GEV/JJC 
afterburning  turbojet  «a  the  priaary  engine  selection.  This  selection 
1*  retained  frees  Fhase  II -A  because  of  the  GE  ermine  cupcrierlty  la 
economic*,  perfonjitccj  and  growth  potential.  Since  Fhate  II -A,  no 
change*  in  the  performance,  cotta,  o?  growth  of  the  General  Electric  or 
Fntt  A  Whitney  engine*  have  occurred  which  would  alter  relative 
evaluation. 

Supplement  I  of  this  document  deieri tea  installation,  perfore- 
ance,  and  nolee  data  for  the  MVA  JTT17A-2C8  engine.  The  Pnstt  & 

Whitney  engine  can  b-t  installed  in  the  airplane  with  a  nlnlsaa  of 
change.  Installation  studies,  performance  analyses,  and  cocrdlsatloa 
with  both  engine  contractor*  are  being  pursues  f  iring  ihase  II-C. 

This  docuz  A  deals  with  the  change*  and  lsproveaenta  aade 
during  Phase  II -5  and  II-C  to  the  prcjiiJ  slfcei  yyster  of  the  Model  7 
All  ports  of  the  propulsion  eyster.  not  specifically  r-entlocved  male 
unchanged  and  re  as  described  in  D6-&&C-6,  (*'5saee  1 1 -A  Aircraft  fro- 
pulsicn  System). 

1.1  CKS1NE  IXSTAtLATKM 

a  The  engine  afterburner  is  straight  rather  than  tent  8  degrees.  This 
change  directs  the  exhaust  ps*  above  the  korizcctal  tall. 

a  The  engine  fuel  accessories  are  located  on  the  top  centerline  of  the 
engine  in  the  wing  cavity,  with  the  lubrication  and  hydraulic  cc epo- 
nents  In  a  snail  capsule  on  the  engine  bottom.  This  arrangement 
ensures  the  slnlraa  nacelle  frcr.tai  area,  mini  race;  pod  drag,  and 
improves  the  safety  cs peels  of  a  vheel*-up  landing. 

•  The  eagles  frcct  Ttkx  has  been  extended  to  provide  space  for  the 

secondary  air  valving  tad  control  and  the  .  front  count  systes. 

a  A  pressurized  pod  carries  the  nozzle  aecor-dary  air  free,  the  inlet  to 
the  nozzle.  This  desigs  reduces  the  nacelle  frontal  area  ».*3 
requires  a  redesign  of  the  fire  protection  system.  (Fig.  )  show* 
the  pod  general  r*  -ungesect.) 

1.2  inter  system 

•  The  subsonic  diffhser  lines  hove  been  codified  slightly  to  improve 
the  efficiency  of  the  types*  system. 

•  Tortex  generators  have  been  ailed  to  the  cowl  to  further  reduce  inlet 
distortion. 

•  The  r.otcui  shock  petition  dedicator  system  has  been  redesigned  to  be 
directly  controlled  by  tee  inlet  acredyna.si c e  rather  than  by  servo¬ 
valve  position. 
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•  The  pirnure  tap*  for  the  re  I  tart  senior  have  been  relocated  to 
ensure  a  better  signal. 

#  A  buz;  warning  light  ha*  been  Installed  on  the  flight  engineer'* 
panel. 

#  Substantiating  teet  data  have  been  obtained  on  the  suitability  of  the 
control  seneor  location*. 

e  "lie  relative  location  of  the  inlet  and  landing  rear  ha*  been  Improved 
The  gear  1*  longer  and  le  centered  between  the  Inlet*  when  extended. 

1.3  PROPULSION  CONTROLS 

e  Hie  thrust  reverser  control  ha*  been  elr.pllfied  by  the  tentative 
elimination  of  the  null  thrust  position. 

e  Hie  open-no2zle  concept  .or  noise  reduction  1*  used  during  power 
cutback  after  takeoff.  Hil*  reduces  engine  noise  by  3  PMdb. 

#  Engine  airflow  trlr.  during  nonstandard  days  has  been  revised  so  that 
the  engine  can  be  trlrjred  to  natch  the  inlet  for  hot  days  as  well  as 
cold  days.  Modulation  of  the  nozzle  secondary  air  control  valve  is 
used  on  hot  days  to  bypass  more  air.  Hils  Improves  the  hot-day 
range  of  the  airplane  and  Increases  trlnnlng  flexibility  for  engine 
and  inlet  tolerances. 

t  .4  EXHAUST  SYSTEM 

Considerable  wind-tunnel  test  data  have  been  obtained  on  the 
Jet  wake  characteristics  at  Mach  2.7;  these  data  have  resulted  In 
the  relocation  of  the  horizontal  tail  on  the  733-390  configuration. 
Model  tests  for  thrust  reverser  rcingestlon  have  also  been  conducted. 

1.S  FUEL  SYSTEM 

*  A  rearrangement  of  the  tanks  reduces  body  structural  weight,  fuel 
cyster.  weight,  and  ccntcr-of -gravity  travel. 

•  More  efficient  use  of  Insulation  In  Main  Tank  Bo.  1  and  auxlliaTy 
tanks  reduces  weight  and  cost  and  furnisher  additional  fuel  volume. 

*  Flight  cycle  environment  tests  show  no  fuel  tank  coke  for-atlon. 

Tanks  will  remain  deposit-free  even  when  r.lnlr.'f.  quality  ASH* 
D-l6‘/^-*S3T  Jet  A  or  A-l  commercial  kerosene  are  used. 
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2.0  GENERAL  DESCRIPTION  AND  INSTALLATION 

The  propulsion  pods  for  the  733-390  are  deeipied  to  fit  the 
General  Electric  GElt/j'jG  afterburning  turbojet  engine.  The  propulsion 
pod  is  similar  to  the  configuration  shown  on  the  733-290  (Phase  II -A). 
Design  refinements  have  been  made  as  the  result  of  many  studies,  in¬ 
vestigations,  and  test*  to  Improve  the  propulsion  pod. 

2.1  POD  SNAP! 

The  location  of  the  propulsion  pods  on  the  airplane  has  not 
significantly  changed,  but  the  overall  pod  shape  has  changed  from  the 
cambered  pod  on  the  733-290  to  a  slim,  straight  pod  as  ehovn  In  Fig. 

2.  The  removal  of  the  8-degree  bend  from  the  afterburner  simplifies 
the  engine.  The  straight  pod,  mounted  tightly  to  the  ving  lower  sur¬ 
face,  directs  the  exhaust  gas  above  the  horizontal  tall  along  the 
direction  of  flight.  A  reduction  of  6.6  percent  In  pod  volume  has  been 
achieved  by  relocating  the  rajor  engine  accessories  to  an  area  on  the 
engine  top  centerline  and  by  changing  the  design  of  the  secondary  air 
system. 

2.2  ENGINE  ACCESSORIES 

All  of  the  engine  accessories  associated  with  the  fuel  system 
are  mounted  on  a  platform  en  the  top  of  the  engine  In  an  unpre6surlzed 
cavlt>  in  the  wing  as  shown  In  Fig.  L.  The  engine  lubrication  oil 
tank  and  no?.2le  hydraulic  oil  tank  are  both  located  on  the  side  of  the 
engine  compressor  case.  All  other  engine  accessories,  such  as  the 
engine  lubrication  oil  pumps  and  the  nozzle  hydraulic  pumps  and  controls, 
arc  located  on  the  engine  bottom  in  an  unpressurlzed  capsule.  A  small 
local  bump  In  the  bade  pod  contour  Is  required  to  enclose  the  capsule; 
The  Inlet  hydraulic  pumps  ore  mounted  on  top  of  the  Inlet  and  driven  by 
a  gearbox  and  shaft  located  forward  of  the  engine  mount. 

2.3  SECONDARY  AIR  SYSTEM 

A  schematic  diagram  of  the  secondary  air  system  Is  shown  In 
Fig.  3-  The  secondary  nir  enters  the  cowl  cavity  through  a  number  of 
flow  control  valves  located  In  the  engine  front  frame.  These  valves, 
and  their  control  system,  are  provided  as  an  integral  part  of  the 
engine.  At  static  and  low  flight  speed  conditions,  the  s^-ondary  air 
Is  taken  in  through  a  number  of  air  supply  doors  located  .a  the  aft 
cowling. 


This  change  effectively  pressurizes  the  cowl  cavity  In  flight 
to  a  maximum  of  10  pel  above  ambient.  The  cowl  panels  have  been  re¬ 
designed  to  be  tightly  sealed  and  withstand  the  pressure  loads  (Fig. 

I*  Is  a  schematic  of  the  cowl  design). 

2.4  FIRE  PROTECTION 

The  Phase  I  proposal  (Par.  2.10,  Document  06-21*00-12,  Volume 
A -VI,  Propulsion)  described  the  proposed  engine  compartment  fire 
protection  cyctcm.  The  bnr.lc  concept  of  engine  compartment  fire 
protection  described  In  that  section  remains  unchanged.  Passing  the 
secondary  air  for  the  engine  nozzle  through  the  cowl  cavity  and  the 
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resulting  pressurl ration  of  that  cavity  have  necessitated  redesign  of 
the  fire  detection  and  fire  extinguishing  systems  operation* 

The  propulsion  pod  la  now  divided  Into  three  areas  by  sealed 
firewalls  as  shown  In  Fig.  5»  These  area,  arc  the  cowl  cavity,  which 
is  pressurized  by  the  secondary  air,  and  ;he  top  and  bottom  setessory 
capsules,  which  are  not  pressurized. 

For  fire  control  purposes,  the  accessory  capsules  at  the  top 
and  bottom  as  well  as  the  cowl  cavity  are  considered  at  one  fire  zone. 
The  fire  extinguishing  agent  will  be  discharged  simultaneously  into  the 
accessory  capsules  at  top  and  bottom  as  well  as  Into  the  cowl  cavity. 

The  amount  distributed  to  each  area  will  be  controlled  by  the  line  and 
nozzle  sizes.  An  approved,  quick-acting  fire-detector  system  will  be 
installed  on  the  engine,  A  fire  or  overheat  condition  will  activate  the 
system. 

To  provide  a  nonpressurized  cowl  cavity  for  efficient  fire 
extinguishing,  actuation  of  the  fire  switch  will  close  the  secondary 
air  control  valvec  located  on  the  engine  Inlet.  This  will  reduce  the 
ccwl  cavity  pressure  to  ambient  and  reduce  the  air  flew  through  the 
cavity  to  a  minimum. 

Fire  pressure  relief  In  a  controlled  path  will  be  provided  by 
bum-through  panels  in  the  secondary  air  supply  doors  located  In  the  aft 
cowling.  These  panels  are  designed  to  ;  160  provide  pressure  relief  In 
the  event  of  secondary  air  system  control  malfunction. 
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The  installed  ?*rtorz ance  of  the  CS&/J5C  engine  it*  tails  tlo* 

Is  presented  la  Ooeurent  tfs-199G6~l»  Propulsion  Systen  JVrfcraanc* 
Specification  dated  Bovenler  1,  19^5.  The  engine  performance  data  sad 
installed  lalet  asS  ntcrle  drags  are  essentially  the  sane  as  those 
described  la  Section  9.0  of  D6-&j&>-8,  Velar*  Vin-A,  Aircraft  Propul¬ 
sion  Syst era  (Phase  II -A  Report). 

«  Aii.M»ucnof*  mtiH  iwkt 

Reflaen  ena  lysis  ef  the  lalet  starting  operatic*  bat  resulted 
la  nicer  off-deriga  perforsosce  changes.  The  reduced  pressure  recovery 
during  inlet  starting  operation  (J4»eh  1.7  to  1.9}  results  In  srall  net 
thrust,  specific  fuel  ccrsurptlco,  and  inlet  drag  changes.  The  islet 
recovery  and  drags  ore  discussed  In  Sectlca  A -0. 

JJ  IWT  MT  CtUlt  fl«»Q*MJU«CJ 

The  hot-day  cotsle  internal  perforannee  at  Msec  2.63  cruise  la 
changed  slightly  to  account  for  the  Increase  In  secondary  air  to  the 
nozzle  due  to  the  use  of  the  secondary  air  systen  to  by pass  excess  inlet 
air.  Fig.  6  shows  the  calculated  thrust  coefficient  loss  versus  eaount 
of  secondary  air  at  cruise.  Because  of  the  excess  secondary  air  on  a 
hot  day,  the  sortie  thrust  coefficient  Is  reduced  C.09  percent,  bait  the 
overall  effect  Is  a  range  improver*  r.t  because  the  inlet  bypass  drag  la 
eliminated. 


X>  EMCMS  HifT/UXCO  WStCHT 

3*  weight  ef  the  C£**/J5C  eng  Ire  at  b75  pounds-per-cecood  air- 
flow  as  designed  for  the  Seeing  airplane  Is  CcCC  pounds  as  specified  la 
Bcf.  1.  This  weight  includes  special  features  required  for  Ins tall* tic® 
of  the  engine  in  the  Model  722*29°  airplane.  Since  the  Share  1 1 -A 
submittal,  the  changes  to  the  engine  which  have  affected  weight  ares 

•  Relocated  feel  and  hydraulic  access  cries  (top  and  cotta*) 


•  Front  frame  extension  and  nadlflcatles  of  the  ceccoiary  air  systen 
and  front  mount  design 

•  Redesign  of  secondary  air  systen,  including  valves  and  controls 


The  following  Boeing  installation  features  are  included 
Installed  engine  weight: 
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COMnetNTML 


Total  !  stalled  prcpulsloa  pod  vtljH  i»I 

Towels 

Ulefe  1,755 

Cowllac  *>2C 

installed  Engine  9,295 

TD7SU.  HwFiaSlCS  POO  «EIG«  11,*<70  pounds 

J4  OH-*ACT£»tST!CJ 

Tfehle  A  shows  the  design  characteristic*  of  the  er<io*. 

M  EXCJNC  HIFOttaxC! 

The  guaranteed  ferfcr*set  for  selected  flight  condl  tloes  is 
ccatalned  In  Bef.  1.  For  sll  ether  operating  cesuiltl cor  the  c crater 
decic  (Ref.  2}  provide*  the  estlrated  perfomance  v;th  Installation 
corrections.  ferfomacce  cat*  are  based  er>  the  l?n2  U.S.  Standard 
Atns sphere  and  geosetrlc  altitude. 
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$N*U»t2  SUHe  Stelifl  Sajr  Snatt  (S»  Umm)  tpmaim) 


IuIm  Au(mcM  kl.SOC 

Hutlni*  lay  38.700 

Engine  Cry  Wright.  Iscluilrc  kuk  CMt  8,8(0 

Tt-rust  hnmr  fyeuate) 

Tfcru*t-t®-Ve}*fci  Ratio  (Sto  ItMl  8>r>flt) 

Sustiaa  Auyrrjiai  V.8 

Nuiw  Say  k.fc 

Ret  Thrust- to- weight  natlo  (Transonic  Mul  *  1.2, 

45.000  f<Mt) 

Ikiisa  AngweatoR  2.0 

Design  R»ch  Vkr  2.7 

Supersonic  Cruise  StC 

H*eh  2.7,  55,000  fort 

Sks  IV co very  «  0.90  1.43 

Subsonic  Cruise  STC 

Rich  C.8.  10.000  feet 

Rsa  Recovery  •  O.966  1,08 

Loiter  SFC.  Ifach  0.I3.  15.000  feet 

Ran  Recovery  »  0.986  1.  J> 

Acceleration  Ret  Thrust  (po<ed«) 

Msch  1.2.  35.150  feet  27,200 

45.COO  feet  17.700 

55,000  feet  10.900 

Reverse  Thrust  {Percent  Ifaxtaca  Ory  Poser)  50 

Rirtlne  Islet  Ter^wrstsre  {Bon Inal)  {*!) 

TWworr  2.20c 

Supersonic  Cruise  2.200 

It»E*<rlc  Accel*  rat  loo  2,200 

SajesUtlcn  Ttrperstuxe  (Roolml)  (*f) 

Tkkeoff  1,960 

Supersonic  Cru la*  2,900 

TVanscaic  Acceleration  3,000 

Corpres »cr  Pressure  !Wtlo  9.5:1 

Initial  Tine  Jetveen  Overhaul  (hour*)  6®  to  1000 
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AIR-INDUCTION  SYSTEM 


4.1  INLET  DESIGN 

The  Inlet  la  basically  the  same  as  thnt  proposed  in  the  Phase 
I I -A  submittal.  Minor  changes  have  been  Incorporated  to  Improve  the 
design  in  various  areas. 

Vortex  generators  are  now  used  on  the  cowl  wall  of  the  subsonic 
diffuser  In  addition  *.o  those  on  the  centerbody  to  reduce  further  the 
distortion  level  of  the  Inlet  and  to  achieve  better  off -design  operation. 

The  subsonic  diffuser  Is  changed  in  two  areas:  (l)  the 
contours  are  modified  to  account  for  changes  In  strut  shape  end  thick¬ 
ness  at  the  diffuser  exit,  where  the  Inlet  struts  mate  with  the  engine 
front  frame  struts;  and  (2)  the  hinge  points  of  the  centerbody  are  re¬ 
located  to  Improve  the  diffusion  with  the  centerbody  fully  contracted. 
This  results  in  better  diffusion  and  lower  Mach  numbers  ahead  of  the 
bypass  doors  when  the  centerbody  is  contracted. 

To  Improve  the  entry  of  takeoff  air,  the  rear  lip  of  the  ‘by¬ 
pass  section  has  been  redesigned,  and  the  bypass  door  actuators  are 
relocated  forward  of  the  opening.  The  engine  front  frame  has  been 
extended  forward.  This  Increases  the  distance  between  the  bypass 
(takeoff)  door  opening  and  the  compressor  face  by  about  6  Inches.  Low- 
speed  testing  has  shown  that  this  Improved  shape  of  the  lip  and  the 
added  length  to  the  compressor  face  are  beneficial  In  reducing  dis¬ 
tortion. 


A  schematic  drawing  of  the  Inlet  is  shown  In  Fig.  T.  Flow 
areas  and  Mach  numbers  In  the  diffuser  for  various  centerbody  positions 
are  shown  In  Fig.  8. 

4.1  INLET  LOCATION 

The  location  of  the  inlet  relative  to  the  main  landing  gear 
has  been  improved.  The  eear  Is  longer  and  is  located  between  the 
Inlets,  with  the  landing  gear  doors  providing  a  separation  plane 
between  the  gear  and  the  inlets  during  gear  retraction. 

Fig.  9  shows  a  comparison  of  Inlet-gear  relationships  on  the 
733-200  configuration  (Phase  II-A)  and  the  present  733*39°  configuration. 
Also  shown  on  Fig.  9  Is  the  model  configuration  which  was  tested  In 
the  low-speed  tunnel  to  evaluate  the  effect  of  the  landing  gear 
retraction  on  inlet  performance.  Fig.  10  shows  that  satisfactory 
performance  was  Indicated  from  the  tests. 

Landing  gear  slush  deflector  tests,  using  O.k  scale  models, 
hove  ohown  satisfactory  progress  In  developing  a  gear  cover  that  will 
eliminate  Ingestion  of  foreign  objects  from  the  landing  gear.  ^Fer  to 
Document  D6- 19902-1,  Aircraft  Structures. 
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fie  inlet  recovery  schedule  weed  far  twftwww  it 

■two  o*  fig.  ll.  fila  curve  It  changed  fro*  that  of  Rum  II -A  te 
reflect  the  pressure  recover?  change  that  occurs  «s  the  Inlet  ttiutet 
fro*  the  extern*!  co-pressloc  node  to  internal  coeprrttloa  st  aa  air- 
plcoe  »tach  number  of  1.9.  Soae  of  the  dots  points  obtained  frea  tatU* 
scale  tests  which  substantiate  this  performance  level  are  show*. 

Compressor  face  distortion  levels  obtained  by  test  for  various 
supersonic  Mach  nusber*  and  with  various  degrees  of  supercritical 
operation  are  shown  In  Fig.  12.  these  levels  of  distort  Ice  have  tats 
Obtained  by  the  application  of  vortex  generators  on  the  cowl  sad  center- 
bo aj  sad  are  lower  than  were  available  during  rfcasv  XI-A.  fie  dis¬ 
tortion  levels  are  well  within  the  Halt*  specified  t>  General  Electric 
for  the  engine. 

Fig.  12  also  shows  the  distortion  levels  at  Inlet  agltt  mg 
Incidence  for  various  supercritical  nargiss  at  cruise  coodltlnas. 

Extensive  testing  has  been  accomplished  since  Phase  tl-A  to 
opt inice  the  bleed-hole  patterns  and  vortex  generator  location*  for 
■navicert  recovery  with  ainlrxo  bleed  and  distortion.  Fig.  13  auese  rites 
the  data  obtained  froa  £8  different  boundary  layer  bleed  and  vortex 
generator  configurations  that  were  tested  at  Mach  2.3.  fix  last 
configuration  shown  on  Fig.  13  gave  a  critical  pressure  recovery  at 
91. t  percent,  end  distortion  of  5-1  percent  with  3-7  percent  bleed,  At 
the  noma!  operating  point  (2  percent  supercritical),  the  bleed  was  5 
percent,  and  the  distortion  was  1.7  percent. 

U  S<tCT  MASS  Fi.0* 

fie  inlet  rasa-flow  characteristics  obtained  by  test  are 
presented  in  Fig.  ll.  fie  curves  show  the  ratio  of  inlet  capture  flam 
sinus  the  bleed  flow  to  theoretical  lip-area  css*  flow  for  various  Mach 
numbers.  At  a  local  Mach  nusber  of  2.50,  the  inlet  spillage  was  seta 
and  the  bleed  flow,  as  shewn,  was  5  percent  at  the  design  operating 
point  (2  percent  supercritical). 

AS  MIST  CAFTVSC  AREA  RATIO 

The  ratio  of  local  stress  tube  capture  area  to  lip  frontal  area 
is  shown  in  Fig.  15-  Capture  area  ratio  is  based  os  conical  shock 
spillage,  assuming  an  «£]».  etwees  the  ceacerboSy  tip  and  the  cowl  lip 
of  27 -C  degrees  for  local  Mach  orders  between  1.8  to  2.55.  As  the 
centertody  contracts,  the  spike  tip  coves  forward  slightly.  Iter  the 
uaatarted  inlet  operation  node,  the  angle  is  16.3  degrees.  Fe twees  a 
local  Mach  number  of  1.3  and  1.8,  the  normal  shock  is  held  at  the  islet 
lip  and  conical  shock  spillage  lr  based  on  a  lip  angle  of  26.3  degrees. 

fie  ratio  of  inlet  throat  area  to  lip  annulus  ares  Is  0«9* 
when  the  inlet  centerbody  ia  in  the  vr.started  position.  The  Mount  of 
bleed  air  exiting  fras  the  inlet  be  twees  tie  cowl  Up  and  inlet  throat 
S*  assumed  to  be  1.5  percent  of  the  lip  cuss  flow,  fie  resultant 
contraction  ratio  peraits  control  of  the  oared  shock  ss  the  lip  for 
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operation*  between  H»cfc  1.3  nl  1.8.  VtKta  Mach  1.0  tid  1.3#  tV 
ncrati  (bock  Is  allowed  to  a»e  ahead  of  the  Ilf  an 1  increase  the 
aaouat  of  external  spillage.  Belcv  Hath  1.0,  all  excess  air  la  »}111*4 
to  front  of  tie  Inlet. 

44  skle  r  aocrnvi  amo  sm.tx.cf  c**c 

Inlet  additive  and  spillage  drag  coefficient*  are  ehwaa  la 
Fig.  15.  Additive  drag  Is  t'efloed  as  the  pressure  drag  cause*  kg 
streesline  turning  ahead  of  the  inlet  lip.  Spillage  drag  Is  defined  aa 
additive  drag  sinus  the  change  is  cowl  pressure  force  (lip  iwctioe) 
caused  hr  spills  e .  Above  >4»rh  1.3#  additive  -Irag  is  cenpwted  theo¬ 
retically  using  .spersonic  rcr.ical  flow  theory  and  Ik*  cowl  force 
charge  due  to  sp.llage  la  cesputed  with  the  Boeing  SH  pregras  Ufijt. 

5 clou  Mach  1.1,  additive  drags  snd  spillage  dregs  are  hared  on  hoe  lag 
test  data.  >e  Fig.  9*6  through  9-9#  Docuseat  26-8680-8,  flaw  II -A 
Propulsion  P-port, 

*J  ML  IT  |UtD  MA6 

The  ssstnsrd  inlet  centerbody  bleed  schedule  ha*  changed 
slightly  near  the  Inlet  starting  Mach  wisher  because  of  a  better 
definition  of  inl-t  operation  at  this  llach  sssber.  S*  ratio  of  hleei- 
weigfct  flaws  to  lslet-capture-veight  flaw  is  shows  la  Fig.  16.  Tfc* 
bleed  drsg  for  this  bleed  schedule  is  also  shows  la  Fig.  ifi.  Current 
tests  of  the  bleed  system  indicate  that  the  values  ef  bleed  recovery 
assumed  for  drag  calculations  (0.20  for  the  centerhedy  end  G.30  far  the 
cowl)  are  valid. 

44  »ma  STITCH  DUS 

the  Inlet  supply  and  engine  de-aoi  capture  area  ratios,  based 
on  the  Inlet  recovery  of  Fig.  11 ,  are  shows  la  Fig.  17-  7h*  capture 
area  ratio  for  the  bypass  air  is  also  shewn,  as  Is  the  average  opening 
angle  of  the  cypsss  louvers.  The  bypass  capture  are*  ratio  (end  louver 
angle)  has  ten  increased  since  Ftase  1 1 -A  In  the  range  cf  »  l.L 

to  1.6.  7*il*  la  due  to  the  change  in  inlet  recovery  at  these  speeds. 

Consequently,  tie  bypass  drag  coefficient,  which  has  been  Increased,  la 
shown  in  FI*.  17. 

44  IOLC-CCSCEMT  EXCESS  Alt  MA6 

Durltg  idle-descent,  reduced  englae-nass  flow  causes  Increased 
erects  air  drag.  A  composite  inlet  supply -engine  denaad  curve  and  the 
resultant  d.-sg  coeff Iciest  are  shown  In  Fig.  IS.  The  increase  Is 
engine  <5e=aad  at  Jbcb  1.3  is  caused  by  the  engine  control  change  fro* 
law  idle  rp*  to  nsrnal  Idle.  Fros  Mach  1.9  to  Msch  2.7,  the  excess 
sass  flow  Is  bypassed,  below  >fcch  1.9#  •  portion  of  the  excess  air  2* 
spilled  between  the  tonal  shock  and  the  lip#  and  the  reminder  Is  by¬ 
passed. 

4.1;.  FULL-SCALE  ttST  f*LET  CEMTf ESOOT 

Fig.  19  Is  an  assembly  drawing  of  the  «arleble*di3neter 
Inlet  ccstcrbody  which  Is  teing  designed  and  fabricated  frc=  tltaniu* 
slloys  for  test  evaluation,  ftrsl^j  releases  are  approximately  95  per¬ 
cent  cncplete.  Scheduled  earpieiioa  of  th;  ccntcrbody  Is  March  31#  1966* 
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The  seal*  of  tht  Kit  ctnUtto^r  U  full  iltc  for  ta  laltt 
designed  tor  the  General  Electric  CIA/J5C  175  pound  s*per -second  airflow 
engine.  Pressure  sod  temperature  design  environment  Is  co&sistest  with 
the  733*35©  airplane  flight  placard. 

The  application  of  value  engineering  teete*?ues  to  obtain  a 
aechaalss  that  la  lever  In  cost,  nore  efficient,  and  sicpler  has 
resulted  la  several  detail  changes  to  the  it  tig?,  of  the  test  center^ 

a -a— 

DOQJr# 

The  hardware  design  necessitates  hogged-out ,  naefclned  pasta 
ubere  forgings  or  castings  would  be  sore  appropriate  for  a  production 
run.  Essentially  production  canofaeturlrg  method*  are  being  used  to 
fern  sbeet-netal  components.  A  record  Is  heir*  kept  of  tool  concepts 
and  fabrication  procedures  used. 
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S  O  AIR-INDUCTION  CONTROL  SYSTEM 

The  differences  between  the  previous  end  the  present  control 
systea  consist  of  a  redesign  of  the  no  real  shock  position  Indicator 
systea  for  flight  deck  display,  change  of  pressure  locations  for  re¬ 
start  sensor,  and  Installation  of  a  buzz  warning  light.  A  simplified 
block  dlr.graa  of  the  Inlet  control  system  Is  shown  In  Fig.  SO.  A 
schematic  diagram  of  the  complete  Inlet  control  aystea  la  Included  la 
Kef.  3. 

* 

Clnce  Phase  II-A,  wind-tunnel  testing  has  been  conducted  to 
substantiate  the  use  of  constant  control  slgr.ala  with  aerodynamic  feed¬ 
back.  Calculations  for  the  steady  state  and  transient  accuracy  were 
code  for  the  proposed  centerbody  and  normal  shock  control  loopa  for  • 
number  of  selected  conditions  (see  Par.  5»5). 

S.1  NORMAL  SHOCK  POSITION  INDICATION 

Th*  redesigned  aystem  has  been  made  Independent  of  the  bypass 
door  control  and  conaequently  will  function  to  Indicate  the  normal 
shock  position  during  both  automatic  and  manual  control  of  the  Inlet. 

A  block  diagram  la  shown  in  Fig.  21. 


The  system  determines  the  stability  margin  of  the  inlet  by 
comparing  the  measured  pressure  recovery  with  the  computed  critical 
Inlet  recovery.  Test  results  on  a  representative  Inlet  show  that  the 
critical  Inlet  recovery  varies  with  local  Inlet  mach  number  and  center- 
body  radius,  as  shown  In  Fig.  21.  These  curves  can  be  represented  and 
computation  of  critical  Inlet  recovery  accomplished  by  the  use  of  a 
simple,  compact,  analog  function  generator.  The  critical  Inlet  recovery 
thus  computed  and  the  inlet  recovery  measured  at  the  compressor  face  will 
be  compared  and  the  difference  displayed  on  the  Instrument  panel.  An 
error  analysis  will  be  conducted  to  determine  the  system  accuracy. 


S.2  PRESSURE  LOCATIONS  FOR  RESTART  SENSORS 

As  shown  In  Fig.  20,  the  pressure  signal  pickups  for  the 
jestnrt  sensor  are  the  cowl  lip  static  (pci)  and  centerbody  tip  total 
(Pcq).  The  pressure  signals  genc-nted  by  these  probes  are  shown  on 

(Pel  3 

Fig.  22.  Whenever  the  Inlet  Is  started,  the  measured  ratio  -  j* 

below  the  reference  value,  and  whenever  the  inict  16  unstarted,  the 
ratio  Is  above  the  reference  value.  Tills  change  was  made  to  obtain 
pressure  signals  that  positively  indicate  Inlet  operation  at  all  Mach 
numbers. 


S.J  BUZZ  AND  UNSTART  WARNING  LIGHT 

The  buzz  and  unatart  warning  light  has  been  added  to  the  flight 
deck  display  panel  and  Is  located  Just  above  the  shock  position  Indi¬ 
cator. 


The  buzz  and  unstart  signal  la  obtained  from  e  pressure  switch 
that  uses  the  restart  sensor  pressure  signals  to  cause  the  light  on  the 
display  panel  to  be  or.  whenever  the  Inlet  la  unstarted.  Treasure 
pulsations  that  occur  during  buzi  will  cause  this  same  light  to  switch 
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on  and  off  intermittently  to  produce  a  visual  display  on  the  paael  of 
the  shock  pulsations  occurring  during  butt.  When  butt  Is  terminated  by 
the  butt  suppressor  (which  puts  the  Inlet  In  a  safe,  stable,  unstarted 
position),  the  light  will  reraln  on  to  designate  an  unstarted  Inlet. 

The  ur.start  warning  light  will  be  deactivated  whenever  the  airplane  Mach 
nur.be r  is  below  1,9. 

5.4  INLET  CONTROL  SICNAL  TESTl 

The  pressure  signals  selected  for  the  centerbody  control  during 
the  nixed  co-rresslon  node  of  Inlet  operation  are  the  total  and  static 
pressures  lr.nedlately  upstream  of  the  throat  (Pjjg  and  pcv.  Fig.  20} 
and  those  for  the  normal  shock  control  are  the  sar.e  total  pressure  and 
the  subsonic  diffuser  static  pressure  ( Pjis  and  pjg).  An  extensive 
series  of  tests  was  conducted  to  verify  theoretically  predicted  signal 
oharacterlstlcs.  These  are  discussed  below. 

rj.u.l  en.TFRBOmf  RADIUS  CONTROL 

The  selection  cf  the  throat  static  and  total  pressure  for  the 
centerbody  control  Is  bauod  on  the  theory  that  the  static* to- total 
pressure  ratio  In  a  supersonic  strean  Is  a  function  of  Mach  nuriber. 

Since  the  throat  Mach  nun.ber  Is  kept  at  approximately  1.3  throughout  the 
nixed  compression  node,  the  use  of  a  constant  centerbody  control  signal 
ar.d  an  aerodynanlc  feedback  In  the  centerbody  control  loop  Is 
Justified. 


Results  of  tests  to  ascertain  the  variation  of  the  control 
pressure  ratio  as  functions  of  the  Inlet  Mach  nunber  and  of  the  center- 
bedy  radius  are  shown  In  Fig.  23.  A  control  set  point  for  the  model 
test  throat  Mach  nunber  of  1.35  Intersects  with  the  sensing  signals,  as 
shown. 


The  points  of  Intersection  occur  at  the  proper  centerbody  radius 
for  the  Inlet  Mach  numbers  Investigated.  These  data  verify  that  a 
constant  control  sensor  pressure  ratio  will  position  the  centerbody  to 
the  proper  radius  at  all  Mach  numbers. 

The  generation  of  on  Inlet  nngle-of- Incidence  bias  signal  for 
the  centerbody  control,  by  vising  more  than  one  static  pressure  tap 
around  the  throat  annulus,  was  tested.  It  was  found  that  four  static 
pressure  positions,  90  degrees  apart  lr.  the  nnr.ulus,  could  sense  an 
Incidence  -ingle  change  of  O.25  degree.  The  system  requires  a  pressure 
selector  cnpnble  of  selecting  the  highest  of  the  static  pressures  for 
the  control  signal.  Current  fluid  valve  technology  cm  provide  a 
selector  of  the  required  sensitivity  (2  percent  pressure  differential). 

5.U.2  NORMAL  CltOCK  (BYT ACC  DOOR)  CONTROL 

revera!  locations  In  the  subsonic  section  of  the  Inlet  were 
experimentally  examined  to  find  a  suitable  static  pressure  signal  which, 
when  referenced  to  the  throat  total  pressure,  would  control  the  normal 
shock  during  the  nixed  compression  node. 
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A  satisfactory  static  location  was  found  as  Indicated  by  tha  j 
test  results  shown  In  Fig.  2L.  When  a  control  set  point  of  O.65  la  { 
selected,  the  curves  Intersect  at  the  desired  value  for  stable,  f 
efficient  Inlet  operation,  which  is  2  percent  supercritical. 


Satisfactory  centerbody  and  bypass  door  control  signals  In 
snail  scale  Inlet  configurations  have  been  found;  consequently.  It  la 
believed  that  slr.llnr  control  pressure  signals  can  be  found  for  the 
full-scale  Inlet.  1’lnd-tunnel  tests  with  an  11-lneh  variable  geometry 
Inlet  model  and  actual  control  hardware  will  b.  accomplished  during 
rhase  II-C  to  confirm  the  suitability  of  these  control  signals. 

5.J  STEADY-STATE  AMD  TRANSIENT  CONTROL  ACCURACY 

Preliminary  calculations  were  carried  out  to  estimate  the 
steady -slate  and  transient  accuracy  of  the  centerbody  end  bypass  door 
control  loops  at  a  number  of  inlet  lisch  numbers.  The  results  for  Mach 
2.7  and  65,COG-foot  altitude  are  presented  In  Thbla  B. 


For  these  calculations,  error  data  for  the  pilot  valve  break* 
away  force  uere  obtained  from  control  system  vendors.  The  transient 
errors  were  obtained  from  the  results  of  mathematical  simulation  of  the 
Inlet  and  control  system  models. 

The  transient  error  of  the  centerbody  control  was  based  o;  a 
Mach  number  change  of  0.C5  in  0.02  second,  and  the  bypass  door  control 
error  was  based  on  on  engine  corrected  airflow  change  of  5  percent  In 
0.25  second. 

The  current  calculations  Indicate  that  the  accuracy  of  both 
control  loops  is  acceptable  for  nil  mixed  compression  operation.  This 
analysis  will  be  expanded  to  Include  nil  elements  of  the  Inlet  syctem 
during  Phase  XI-C. 
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4.0  ENGINE  CONTROL  SYSTEMS 

The  following  improvements  have  been  node  to  the  engine 
control  systems: 

e  The  thrust  lever  quadrant  and  reverser  operation  has  been  simplified 
by  the  tentative  elimination  of  the  null  thrust  reverser  position. 

e  The  low- idle  position  of  the  start  lever  Is  separated  from  the 

flight  shutdown  position  by  a  positive  detent  to  prevent  Inadvertent 
shutdown  of  the  engine  when  low* Idle  fuel  flow  la  selected  at  the 
start  of  descent, 

a  The  norral  Idle  setting  of  the  thrust  lever  (6l  percent  rpn)  la 
separated  fron  the  low* Idle  position  {JO  percent  rpn)  by  a  positive 
detent.  The  low- Idle  position  ray  be  used  during  descent  and  ground 
taxi,  Normal  Idle  (6l  percent)  la  used  during  landing  approach  to 
provide  rapid  engine  acceleration  for  go*around. 

a  Operation  vlth  the  exhaust  nozzle  open  and  irlet  choked  for  nol*e 
abatement  during  the  power  cutback  period  after  takeoff  la  now  In¬ 
cluded  in  the  engine  control  system. 

•  Engtnu  airflow  trim  during  nonstandaro  days  has  been  revised  to 

Include  the  capability  of  trimming  the  engine  to  natch  the  Inlet  for 
hot  days  as  well  as  cold  days.  Modulation  or  the  nozzle  secondary 
air  control  valve  Is  ustd  to  pass  nore  air  through  the  cowl  cavity 
to  the  n^zle  on  hot  days.  Tills  Improves  the  hot-day  range  capability 
of  the  airplane  and  Increases  the  flexibility  or  trimming  for  engine 
and  Inlet  tolerances. 

Additional  Information  on  the  engine  controls  and  their 
requirements  la  available  In  Ref.  k. 

4.1  TKRU1T-1  EVER  QUADRANT 

The  revised  thrust-lever  quadrant  Is  shown  In  Fig.  55»  The 
null  thrust  node  has  been  tentatively  eliminated  to  simplify  thrust- 
reverser  operation  and  controls.  Idle  rpm  has  been  lncxeased  to  61 
percent  during  approach  to  provide  good  engine  acceleration  time. 
Additional  studies  are  required  to  finalize  this  system. 

«.>  NOISE-ABATEMENT  CONTROL 

During  landing  approach  and  after  power  cutback  on  takeoff, 
the  r.olre  abatement  control  selector,  which  It  manually  operated, 
provides  choked  Inlet  operation  and  full-open  nozzle  position.  This 
feature  reduces  airport  and  corminlty  noise  during  airplane  operation. 

The  choked  Inlet  control  Is  the  same  as  that  In  Fhase  IX-A. 

The  revised  nozzle-area  schedule  for  takeoff  and  landing  operation  Is 
shown  on  Fig.  ?6,  This  schedule  provides  the  required  thrust  levels 
during  cutback  after  takeoff  and  during  landing  approach  with  the 
nozzle  full  open.  Thus,  engine  noise  is  minimized  by  lowering  the 
specific  thrust  (thrust/unlt  airflow)  for  a  given  thrust  level.  The 
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rpo  schedule  1*  ml so  mhovn  on  Fig.  ?6.  The  100-pereent  rpm  fla-fc 
permits  sufficient  travel  of  the  thrust  lever  during  open-exhaust-araa 
operation.  The  engine  perfornsnce  with  the  normal  mrea  schedule  he* 
not  been  effected. 

4.1  ENGINE  TRIMMING  DURING  NONSTANDARD  DAYS 

The  trlrr.lng  of  engine  rpn  on  a  cold  day  Is  designed  to  be 
performed  manually,  as  described.  In  the  Phase  II-A  Propulsion  Report. 

The  capability  of  Increasing  total  engine  airflow  during  hot  days  has 
been  added  to  the  system  by  utilizing  the  excess  capacity  of  the  nozzle 
secondary  air  system  The  secondary  air  system  is  controlled  through 
modulation  of  the  secondary  air  control  valves  on  the  engine.  During 
hot-day  cruise  operation,  the  nozzle  secondary  air  system,  which  by¬ 
passes  air  from  the  engine  face  back  to  the  exhaust  nozzle.  Is  used  to 
handle  the  excess  Inlet  air,  thereby  reducing  the  Inlet  bypass  drag. 

The  nozzle  secondary  air  system  Is  sized  by  maxlmm  afterburning  power 
at  transonic  speeds  and  has  the  capability  of  bypassing  10  percent  Of 
engine  air  at  cruise.  Iloraal  cruise  secondary  air  required  is  3 
cent.  On  a  standard  +15*F  day,  total  air  through  the  secondary  air 
system  is  7  percent.  The  normal  secondary  u<r  control  schedule  Is  shown 
in  Fig.  27.  A  bias  to  the  schedule  for  hot-day  operation  Is  also  shown. 
This  bias  signal  will  be  transmitted  to  the  engine  from  the  flight  deck 
by  manual  control. 

formal  control  Is  used  to  trim  the  engine  to  mteh  the  Inlet 
airflow  during  supersonic  cruise.  Oufriclent  trim  Is  available  to 
account  for  airflow  vnrlatlona  due  to  hot-  and  cold-day  operation  as 
veil  as  Inlet  and  engine  airflow  tolerance  effects.  7h»  control 
reduces  engine  rp-i  (on  a  cold  dny)  end  Increases  secondary  t  lrflow  (on 
a  hot  day). 
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EXHAUST  SYSTEM 


M  EXHAUST  FLOW  FIFLO 

The  low-speed  tests  conducted  during  Phase  II-A  Indicated  that 
Jet  deflection  would  not  reuse  a  tall  surface  heating  problem.  Since 
Fhase  IX-A,  te^t  data  have  been  obtained  to  define  the  exhaust  flow 
field  at  supersonic  speeds.  As  a  result  of  these  tests,  the  f'-degree 
bend  In  the  nozzle  las  been  re-oved,  and  the  horlzoi.tal  tsll  on  the 
733- TW  configuration  has  been  positioned  below  the  crglr.e  exhaust 
plume.  For  these  tests,  a  nozzle  node!  was  constructed  using  a 
keroser.e-oxygen-alr  burner  to  simulate  the  exhaust  flow  at  Mach  2.7. 
Nozzle  contour,  total  to  free- stream  pressure  ratio,  and  velocity  ratios 
were  duplicated  for  tl-r  full-scale  naxlnam  dry  power  and  -ox Icon  after- 
turning  conditions.  The  model  was  an  Isolated  nacelle  with  r.o  Inlet 
flow  and  with  no  wing  or  body  present.  The  exhaust  r.orrle  was'car.ted 
0.  6,  and  12  degrees.  Te-perature  profiles  werv  measured  1C  nozzle* 
exit  diameters  downstream  (the  approximate  location  of  tie  733-290 
horizontal  tall  hinge  line). 

The  mo lei  Installed  In  the  Boeing  supersonic  wind  tunnel  la 
ohoun  In  Fig.  28.  Fig.  29  Is  a  schematic  showing  the  orientation  of 
the  mdel  with  the  tunr.el  flow  und  the  exhaust  temperature  profile  with 
respect  to  the  Jet  axis.  Temperature  profiles  arc  suoun  In  Figs.  30 
through  Yj.  Correlation  between  0  and  te--p»  nature  lr.  degrees  F  la 
shown  In  Fig.  Y>,  Analysis  Indicates  tlint  tl»e  bending  of  the  wake  la 
reduced  at  lower  Mach  numbers. 

To  obtain  core  definitive  data,  o  complete  airplane  model  with 
four  stall  (1-1/2  Inch  dlumetcr)  kerosene  burners  Is  under  construction. 
Tills  model  will  le  tested  over  the  transonic  and  supersonic  speed 
regimes  ftr.J  wake  dntn  will  in  obtained  r»t  several  positions  dounstream 
of  the  exit.  These  data  will  Include  all  of  'he  dowr.wnnh,  wing,  and 
Vodyr  Interference  effects  to  be  expert  el  on  'he  full-arale  airplane. 

7.J  THRUST  REVERIE* 

The  first  series  of  reverser  ingeatlon  testa  were  conducted 
during  'he  month  of  August  1  /Sj.  In  • he  low-speed  tunnel,  17  cascade 
configurations  were  tested.  Tl.e  three  configurations  l-avlng  the  lowest 
Ingestion  speeds  are  shown  In  Fig.  37.  Fig.  3-  show*  a  typical 
cum  of  'he  Ir.le'  nlr  ’ e-prtnture  versus  airspeed  for  configuration  A 
of  Fig.  37.  For  this  configuration,  'ngestlon  occurred  at  about  80 
knots. 
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NOISE 


I  I  ENGINE  NOISE  CHARACTERISTICS 

The  noise  characteristics  of  the  GEl»/J5G  engine  are  presented 
In  Fig.  39*  These  noise  levels  were  obtained  using  the  sane  procedures 
outlined  In  the  These  II-A  report  (D6-66fiO-7.  Sonic  Boor,  and  noise). 
However,  some  reductions  have  subsequently  beer,  node  In  the  absolute 
r.olse  levels.  These  charges  sre  the  result  of  Incorporating  the  "open 
nozzle"  concept  (Tar.  6.2 )  for  power  cutback  during  takeoff.  In  Phase 
II-A,  this  concept,  used  as  a  renns  of  reducing  landing  noise,  has  been 
Incorporated  In  the  engine  at  this  time  to  provide  noise  reduction 
during  cllnbout  as  well  as  during  landing.  In  principle,  the  open 
nozzle  allows  tie  engine  to  provide  the  sane  thrust  nt  lower  Jet 
velocities  tlan  would  be  possible  under  the  "standard  nozzle"  schedule. 
The  lower  .let  velocity  results  In  less  Jet  noise  being  generated.  At 
>0  percent  of  maximum  dry  thrust,  snd  with  the  exhaust  nozzle  wide  open, 
the  Jet  noise  Is  3  PTSdb  less  than  that  previously  quoted.  With  the 
nozzle  wide  open,  the  suppression  effect  of  the  star-shaped  primary  and 
ejector  Is  reduced,  but  the  overall  effect  Is  a  reduction  In  noise. 

1.2  ENGINE  NOISE  SUPPRESSION  TESTS 

A  aeries  of  model  teats  has  been  conducted  to  achieve’  maximum 
noise  suppression  from  a  nozzle-ejeetor  configuration  of  the  type 
designed  by  the  General  Electric  Company  for  their  SCT  engine.  The 
effects  of  star- shaping  the  primary  nozzle  and  varying  the  ejector 
throat  and  exit  diameters  were  investigated.  The  nozzle  configurations 
tested  are  shown  In  Fig.  1*0,  Tlie  dissensions  of  the  nozzles  and  ejector* 
tested  are  presented  In  Fig.  1*1.  I.'oise  suppression,  relative  to  a 
standard  convergent  round  nozzle,  varied  from  1  to  3  HJdb.  A  complete 
report  of  these  tests  Is  given  in  Ref.  5- 
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fj  fUQ.  SYSTEM 

Rasges  is  the  fuel  »y»tta  have  been  r*<5e  In  tank  capacity 
»fc*pe.  tack  location* ,  and  sore  efficient  use  of  tank  lnsulstloe. 
These  change*  are  described  in  the  r ollo-wln*  paragraph*.  There  here 
bees  co  claries  that  would  affect,  either  safety  or  the  uae  of  eorrser^ 
clal  kerosene  fuel* 

t.t  run.  yams 

Str-uct-ural  cavities  within  the  lower  lobe  of  the  airplane 
body.  Inner  wing,  covafcle  vlr.g,  and  wing  center  section  are  still  used 
to  contain  fuel ,  as  shown  In  F Ig.  12*  Tie  usable  fuel  capacity  It 
26G.7fa  pounds  (33,920  U.S.  gallons)  of  oorrserclal  aviation  kerosene* 
Tank  capacities  is  U.S.  gallon*  a.*: 


teic  !Jo.  i  5*560 
Main  3b.  S  9,295 
M»io  *>-  3  11.CJ5 
Main  Be.  k  5,560 
left- Kand  Auxiliary  3*735 
JUghi-Basd  Auxiliary  3,735 


The  prfrary  changes  to  the  fuel  tanks  are: 

a  The  fj*l  velure  In  the  inner  wing  has  bees  Increased  by  -owing  Mata 
Bo.  3  for-srd  and  reducing  the  sire  of  the  -air,  larding  ge-r  --heel 
wells.  Triit  pcrrilts  eight  forward  end  three  eft  body  fuel  bladder 
cells  to  tc  eltrinated-  Ibis  wt  done  to  save  weight  la  bladder 
tils  and  pressurised  cabin  flooring. 

•  payload-range  trade  fu-1  has  been  redistributed  such  that  each 
ratn  task  now  contains  soras  of  this  fuel,  with  the  largest  portion  In 
Msln  So.  3.  This  arrangcrest  reduces  the  center- of- prarlty  rw-renert 
for  a  full  fuel  rlssion  (see  fig.  Lj),  In  Fhase  II-A,  all  of  the 
pay lead-range  trade  fuel  was  contained  is  Ms  la  So.  2. 


».l  tank  installation 

Vials  Bo.  1  and  the  auxiliary  tank*  ere  new  Insulated  only  on 
the  lower  skin  between  stiffeners,  ts  shown  or,  Fig.  it,  but  still 
•maintain  tic:  sane  fuel  tenjerature  at  the  end  of  cruise  as  for  Fhaae 
II-A.  Vlth  the  733-390  fuel  mr-tgereat,  the  upper  surfaces  of  these 
tanks  dry  early  Is  flight.  This  provides  an  insulating  air  gap  that 
rakes  upper- surface  insulation  r-ch  less  effective  than  ic'-er-t-rface 
IrsulaMcn.  The  heat  11  ux  tc  the  fuel  t-jough  the  lever  stiffeners  is 
srall  cceyored  to  that  between  stirfepers.  It  was  found  that  overall 
weight  saving  was  obtained  by  replacing  stifrer-er  insulation  with  « 
slight  Increase  in  lower  skin  insulation,  rbr  these  reasons  thla 
retked  is  slgni flcontly  less  expensive,  provides  additional  feel  voluj* 
and  reduces  weight. 
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♦J  tMttCCNMCMT  TUT 

Sirulated  iOGO-staiute-nl2e  flight  cycle  eovironnent  tc»t«  are 
being  conducted  on  »  test  tank  using  FA-f-1  fuel  { lov»tberr»i-staiIllty 
kerosene).  The  test  tank  is  representative  of  the  eu2lllaiy  tanks 
having  upper  and  lover  tltar.lira  skins,  stiffeners,  and  rib  chords. 

The  lover  shir,  is  Insulated  bet-een  stiffeners  only.  After  y0  cycles, 
tie  apjesmr.ee  of  '  *  Insulation  was  uncl&r.ged  and  there  were  no  visible 
deposits  on  either  the  insulated  lover  surface  or  the  tars  upper 
surface. 
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♦J  ENVIRONMENT  TtST 

Simulated  IxOOO-statute-ntle  flight  cycle  environment  teste  are 
being  conducted  on  a  test  tank  using  FA-C-1  fuel  (lov-themal-stabllltjr 
kerosene).  The  test  tank  la  representative  of  the  axixlllary  tanks 
having  upper  and  lower  titanium  skins,  stiffeners,  and  rib  chords. 

The  lower  skin  la  insulated  between  stiffeners  only.  After  ^0  cycles, 
the  appearance  of  the  Insulation  uns  unchanged  and  there  were  no  visible 
deposits  on  either  the  Insulated  lower  surface  or  the  bare  upper 
surface. 
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•figJiw  I*  foead  la  Doonrst  356.19906*2,  Propulsion  Cr<J«n  7erf#»s*j we 
Sjwcificetlea,  Imiter  1,  1965. 

M  CVCMC  vtKNT 

The  weight  cf  the  J7P1TA.2CS  engine  st  £$0  pannd ». %tr- 
R«>  *»*«  for  either  the  190C*P  or  2209*p  version  i*  1C.1CO  jcyftS*  m 
specified  la  the  engine  nodel  specification  (fie?  $}, 

The  following  fcelrf  installation  features  are  include*  is  the 
ls*Ullrf  engine  teiftttt 


Roads 


fi«x=tlng  Strut  1I7 

Engine  %wst*  »o8 

Vise  Attachment  Fittings  £0} 

Plreuall  eaJ  Seale  30 

bscbti  and  Supports  22 

HUeelleaeous  AS 

ciAKiae  Weight  10,100 

TOTAL  ESTAU23)  SSZHE  VEISHT  10,660  Pouds 

Tctal  Instilled  propulsion  pol  weight  1*  oe  folio-*  2 

Vlng  Itoilflcjtlcns  for  P-everser  210 

Inlet  2,  ISO 

Cowling  ,90 

Instilled  Engine  10,660 

TOTAL  PB0P3L3I03  PS  WSICHT  13,270  Founds 


u  [Heat  auucTinna 

Tstle  C  shows  the  design  ciswnrterlsLSes  of  the  J7T17A-2C1 

engine. 

IJ  DRUMC  niKtMNCI 

The  JTF17A-20S  engine  performance  is  essentially  the  sacs?  as 
that  supplied  ly  rYstt  &  Whitney  during  These  II- A  except  for  tn  sir~ 
How  sire  lrxreste  fr=rr  6*0  to  65O  pewsds  per  second.  PcT.  £  contains 
the  guaranteed  performance  for  both  the  1900*7  asS  2200*?  ventoi. 

Per  ell  other  eperatirg  ccadUicsa.  the  cceyrter  deck*  (Ref.  7  end 
Ref.  6)  provide  the  estimated  performnea  vitfc  Inst&llatioi,  corrections. 

7h*  performance  data  are  based  on  the  1962  O.Sl  -tssdard 
At -esphere  ar.d  pecesstrls  altitude. 


CONFIDENTIAL 


itisesssto. 


eONnOENTI/U. 

T4fc  C  tffw  OwiffniNin 

1900T/2Q0C*F  2200*F/«300*F 


Hating 

Dating 

Sea  level  Static  Standard  Day  ftmt 
(So  Leave*)  (poizii) 

Maxirsn  Absented 

52.300 

56.609 

Muisa  Dry 

32,1» 

36.700 

Er-*lr*  Dry  Veljkt,  including  Extaurt 

Karri*  and  Threat  Severser  (pound*) 

10,106 

16.100 

Thrust /Weight  (Lea  Level  Static) 

Huriftst  Augmented 

5-2 

5.6 

Itatea  Dry 

3-2 

3.6 

Set  Thrurt/ve  lght  (Trassonie  Mach  «  1.2, 
JiJ.OOO  feet) 

Kutw  Aigpesteg 

1.7 

1.8 

Dealgn  !fech  3srber 

a  m 
c«  z 

2-7 

Supersonic  Crate*  SC 

>kch  2.7,  65.000  feet 

Sw  Recovery  ■  0.90 

i.58 

1.50 

Subsonic  Cruiae  SIC 

Ifach  O.S.  U0.000  feet 

Pa-  Recovery  »  O.9S6 

c.je 

1-C3 

Loiter  SIC 

Koch  0.*3,  15.CC0  fttt 

Ran  Recovery  *  C.566 

1.06 

1.07 

Acceleration  Set  Thrust  (fojeda) 

Hacti  1.2.  36-152  feet 

26.200 

2?. 200 

*5.000  feet 

17.0CO 

lc.300 

55.000  feet 

10.300 

11.10C 

Reverse  Thrust  (Fcrcect  ihxSmcs  Dry 

Fewer) 

50 

50 

Turbine  Inlet  Teryerature  (Lr-lnal)  (*F) 

THkeoiT 

2.000 

2.300 

Sapcrsor. le  Craite 

l.«00 

2.200 

7hsr.sor.ic  Acceleration 

2,000 

2.300 

M.mj* 

CONFIDENTIAL 
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T«M.  c  r>f»  Qw.»„«n  Km* 


193"  *T/2CCC*P 

22X*F/2>»*r 

* 

Retire 

Retire 

Av^estatlee  Tesperatar*  (noninal)  (*f ) 
Tfckeoff 

3.  IOC 

3aoo 

OcpM'Wnifc 

3.100 

3.100 

Tr»s*oclc  Acceleration 

3.  ICO 

3.100 

ftrpoia  Ratio 

1-3 

13 

Canyiesscr  Pressure  Attio 

12:1 

12:1 

Ika  Pressure  Ratio 

2.7:1 

2.7:1 

Initial  ?lae  Between  OtrtaJ 

r-OO  tours 

600  tours 

mnssmEB' 


3.0  NOISE 

The  nolee  character  let  Ice  of  the  Pratt  &  Whitney  JTJ17A-20B 
engine  with  OCOC'f  takeoff  turbine  1j  let  temperature  are  presented  In 
Tig,  1*6.  These  noise  levels  were  obtained  by  the  sane  procedures  out¬ 
lined  In  the  Phase  II-A  report,  D6-8680-7  Sonic  Boon  and  ttolae,  except 
that  a  Jet  noise  suppression  of  1*  db  per  octave  band  has  been  assuaed. 
This  noise  suppression  lias  been  estimated  by  Pratt  fc  Whitney  for  the 
blov-ln-door  ejector  on  the  basla  of  noise  measurements  obtained  tram 
engine  ground  tests  and  airplane  flyovers.  Fig.  1*7  presents  nolae 
characteristics  for  the  2300*F  turbine  Inlet  temperature  engine. 
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PERCENT 

ClwiuWliMi  Pm  Tk*  PiVA  JTPIfA-iOi 


ftf.  47  Nun  {ktmMtdii  ft  Ik*  WW  JTPITA-HH 


